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　要旨:　第 15 次日本南極地域観測の一環として 1973 年 12 月 30 日から 1974 年 1
月 6 日にかけて，日の出岬の露岩地域に発達するコケ・地衣群落を植物社会学的
に解明した．その結果，本論文では A. Ceratodontetum purpurei ass. nov.: 1. Subass. of 
typicum, 2. Subass. of Protoblastenia citrina, 3. Subass. of Protoblastenia citrina-Rinodina 
olivaceobrunnea, 4. Subass. of Rinodina olivaceobrunnea, 5. Subass. of Alectoria 
minuscula, 6. Subass. of Alectoria minuscula-Buellia frigida, 7. Subass. of Buellia frigida; 
B. Buellietum frigidae ass. nov.: 8. Subass. of typicum, 9. Subass. of Caloplaca elegans 
var. pulvinata; C. Alectorietum minusculae ass. nov.: 10. Subass. of Buellia frigida, 11. 
Subass. of typicum の 3 新群集と 11 亜群集を識別し，群集組成表と分布図とともに
その種組成や生態などの記載を行った．さらに，これら植生単位については，類
似度の指数から相互関係を分析し，亜群集を中心とした植生単位と種組成および
立地の関係を明らかにした．
　Abstract:　Under the project of the 15th Japanese Antarctic Research Expedition, the 
field investigation was carried out between December 30, 1973 and January 6, 1974 in 
Cape Hinode.  This paper was undertaken to classify and describe the moss and lichen 
communities in Cape Hinode according to the vegetation concept and method of the 
Zürich-Montpellier (Z-M) school of phytosociology.  The following vegetation units of 
moss and lichen communities were classified: A. Ceratodontetum purpurei ass. nov.: 1. 
Subass. of typicum, 2. Subass. of Protoblastenia citrina, 3. Subass. of Protoblastenia 
citrina-Rinodina olivaceobrunnea, 4. Subass. of Rinodina olivaceobrunnea, 5. Subass. of 
Alectoria minuscula, 6. Subass. of Alectoria minuscula-Buellia frigida, 7. Subass. of 
Buellia frigida; B. Buellietum frigidae ass. nov.: 8. Subass. of typicum, 9. Subass. of 
Caloplaca elegans var. pulvinata; C. Alectorietum minusculae ass. nov.: 10. Subass. of 
Buellia frigida, 11. Subass. of typicum. Each vegetation unit classiﬁed was described with 
an association table showing floristic composition and data on growing habitat.  The 
distribution of each subassociation was shown on the map.  The relationships among 11 
classiﬁed subassociations were examined using the similarity index.
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1.　Introduction
　　Many authors have worked on ecological and phytosociological studies of the 
cryptogamic communities in the ice-free area of Antarctica according to the various 
concepts and methodologies.  And many vegetation units of cryptogamic communities, with 
particular reference to mosses, have been described using such terms as ＂formation＂ and 
＂sociation＂, from the synusial point of view (Gimingham and Smith, 1970; Kanda, 1981, 
1986, 1987; Longton, 1973; Nakanishi, 1977; Smith, 1988).  Those vegetation units have 
been classified and described on the basis of such criteria as life form, growth form, 
physiognomy, ﬂoristic composition, and dominance.  As far as the author know, however, 
no report describing the cryptogamic communities on the basis of the fidelity and 
combination of species in the modern trend of the Zürich-Montpellier (Z-M) school have 
been published to date.
　　From the above standpoint, it was the principal aim of this study to throw light on the 
ﬂoristic composition and classiﬁcation of the moss and lichen communities of Cape Hinode 
on the basis of methods used by the Z-M school of phytosociology.  By this study, it was the 
author＇s intention to complete the syntaxonomical system of the moss and lichen communities 
of the ice-free area of Antarctica.
2.　Area Investigated
　　Cape Hinode is the large ice-free area situated at between 68°08′S and 68°12′S 
latitudes and between 42°36′E and 42°46′E longitudes.  This area is bounded by Antarctic 
Ocean on the north and the west, and covered with continental ice sheets on the southeastern 
margin.  In the summer season, many lakes and ponds ﬁlled with melt water appear on the 
lower part of the area, and melt water from continental ice sheets forms small streams and 
falls.  Local geology is characterized by anorthositic gneiss and garnet-bearing anorthositic 
gneiss.  Subordinate rock types are garnet gneiss, hornblende gneiss, amphibolite gneiss, 
granites and metabasites (Yanai and Ishikawa, 1978).
3.　Methods
　　The present investigation followed the general vegetation concept and methodology of 
the Z-M school of phytosociology (Becking, 1957; Braun-Blanquet, 1964; Ellenberg, 1956; 
Kobayashi, 1971, 1994; Kobayashi et al., 1990; Szafer, 1966; Tüxen, 1950).  The field 
investigation was carried out from December 30, 1973 and January 6, 1974.  And the 
records of 119 quadrats were obtained from 59 stands in Cape Hinode (Fig. 1).
　　The size of the moss and lichen community varies, being 100 m2 in large ones and 0.1 
m2 in small ones depending on habitat conditions.  In this ﬁeld investigation, irrespective of 
the size of the communities, a quadrat which contains most typical segment of a homogenous 
community was chosen.  The quadrats employed were square in shape and 1 m×1 m in size 
except for some cases, in which rectangular-shaped or smaller sized quadrats were employed 
in consideration of the condition or the size of a given community.  First, the quadrat was 
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carefully delimited, and then detailed data on the quadrat were taken note including locality, 
exposure, inclination of the slope, altitude, its situation (near the top: t, upper part of slope: 
u, middle part of slope: m, lower part of slope: l, depressed part: dp, rising part: rp, or ridge: 
r).  Data pertaining to the substratum and its moisture condition (dry: d, medium: m, wet: w, 
or swamp: s) were also collected on the quadrat.
　　Next, characteristics of the community in a given quadrat were observed.  First, the total 
coverage of community in a quadrat was determined by viewing it from above.  Then, all of 
the species constituting the community growing in a quadrat were listed up as accurately as 
possible.  After a list was completed, the degree of cover-abundance and the sociability of 
each species were determined and recorded.
　　Employing the Z-M school＇s table manipulation principle, the vegetation units of moss 
and lichen communities were classified on the basis of all the records obtained in Cape 
Hinode.  Table manipulation was carried out with a computor, using PRDB software* until 
the table became a refined one, in which records of homogenous vegetation units were 
grouped.  Then, records with definite character species and homogeneous floristic 
composition were synthesized into an association, the abstract unit, which is the 
fundamental unit of vegetation systematics.  An association was further subdivided into the 
lower unit, subassociation, according to a differential species.  In an association table 
synthesized, records which include heterogeneous combination of species, and the ones 
Fig. 1.  Map showing the locations of the study stands, which are indicated by dots.  
The number in the map corresponds to the stand number.
＊ Forestry and Forest Products Research Institute: Phytosociological Relevé Database (PRDB).  Vegetation-Plot 
Database, http://forests.world.coocan.jp/fvdb/, (accessed 2015-03-15).
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dominated by algae, were excluded.
　　In the ﬁnal processing of an association table, constancy of each species was calculated 
by applying the current constancy classes (I-V).  In order to examine whether the vegetation 
units classiﬁed could be treated as homogeneous, all of the units and species found were 
summarized in the differential table with their constancy classes (Table 1).
Table 1.  Differential table of moss and lichen communities in Cape Hinode.
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4.　Classiﬁcation of Moss and Lichen Communities
　　Using the records of 119 quadrats at 59 stands in Cape Hinode, the vegetation units of 
moss and lichen communities were classiﬁed and three associations and 11 subassociations 
were obtained.  When a new association is recognized, it must be placed under a higher unit 
of the hierarchical system.  However, in the present study, the relationship and the afﬁnity 
of the character species of a relevant higher unit were not strictly observed.  Therefore, none 
of the classiﬁed associations could be determined their respective higher level of vegetation 
unit.
　　Vegetation units classiﬁed were described with an association table showing ﬂoristic 
composition, physiognomy, habitat, and brief topographic-ecological characterization of a 
given quadrat.
4.1.　Ceratodontetum purpurei ass. nov. (Table 2・3・4, Fig. 3・4・5)
　　Character species: Ceratodon purpureus, Rinodina archaeoides and Bryum pallescens.
　　This association is characterized by high ﬁdelity and strong combination of Ceratodon 
purpureus, Rinodina archaeoides and Bryum pallescens.  This association contains the 
largest number of quadrats and allows the widest range of habitat conditions.  Each quadrat 
of this association varies greatly not only in the total number of species but also with respect 
to coverage.  Physiognomically, this association is characterized by conspicuously luxuriant 
growth of such species as Ceratodon purpureus, Rinodina archaeoides, Bryum pallescens, 
or Lecanora expectans (Fig. 2).  The total coverage is from 30% to 100%, with an average 
of 83.6% per quadrat.  The total number of species varies from 2 to 12, with an average of 
5.5 per quadrat.
　　This association develops well on the lower part of slope, the middle part of slope, the 
upper part of slope, the top of slope, rising part, depressed part, or on ridge ranging from 40 
Fig. 2.  Ceratodontetum purpurei developing on the sandy stratum in the depression terrain.
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Fig. 3.  Distribution of Ceratodontetum purpurei (1).  ●: Subass. of typicum.
Fig. 4.  Distribution of Ceratodontetum purpurei (2).  ●: Subass. of Protoblastenia citrina ; ■: Subass. 
of Protoblastenia citrina-Rinodina olivaceobrunnea ; ◆: Subass. of Rinodina olivaceobrunnea.
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m to 150 m, with an average of 104.0 m above sea level.  Its habitat conditions are not 
uniform; the moisture condition ranges from dry to swamp, the slope degree varies from 0° 
to 30°, with an average of 9.2° per quadrat, and the slope aspect greatly varies.  However, 
only the substratum is restricted to sand with one exception (Quadrat No. 47-2).  This 
association is to some extent an open community with labile equilibrium, which shows 
much variation in physiognomy, floristic composition, and habitat.  In its ecological 
characteristics, this association is more hygrophilous than those of the following two 
associations, Buellietum frigidae and Alectorietum minusculae.
　　This association is subdivided into seven subassociations according to the combination 
of species.
4.1.1.　Subassociation of typicum (Table 2, Fig. 3)
　　Syn. Ceratodon purpureus-Bryum inconnexum Sociation, Nakanishi 1977 p.p., Table 5 
(69 records without quadrat nos. L13, S24); Bryum argenteum-Bryum inconnexum Sociation, 
Nakanishi 1977 p.p., Table 6 (15 records); Ceratodon purpureus Sociation, Kanda 1981 p.p., 
Table 4 (18 records without quadrat no. 246); Ceratodon purpureus Sociation, Kanda 1986 
p.p., Table 2 (27 records without locality nos. S1, S14, S19, S22, S24); Ceratodon purpureus 
Sociation, Kanda 1987 p.p., Table 1 (area nos. 2-1, 2-4).
　　This subassociation lacks a differential species.  This is composed of a nuclear species 
of its mother association, and is physiognomically characterized by conspicuously luxuriant 
growth of such cryptogams as Rinodina archaeoides, Ceratodon purpureus, Bryum 
pallescens, or Lecanora expectans (Fig. 6).  The total coverage is between 70% and 100%, 
with an average of 88.1% per quadrat.  The total number of species is smaller than those of 
Fig. 5.  Distribution of Ceratodontetum purpurei (3).  ●: Subass. of Alectoria minuscula ; ◆: Subass. 
of Alectoria minuscula-Buellia frigida ; ■: Subass. of Buellia frigida.
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any other subassociation of the same association, from 2 to 4, with an average of 3.8 per 
quadrat.
　　The present subassociation is usually found on the top of hill, the upper part of slope, 
rising part, the middle part of slope, depressed part, or ridge, at altitudes ranging from 40 m 
to 150 m, with an average of 104.2 m above sea level.  Its habitat conditions are not 
uniform; the slope degree varies from 0° to 25°, with an average of 9.7° per quadrat, the 
slope aspect is restricted to the northern slope, the substratum is restricted to sand (Fig. 6), 
and the moisture condition ranges from swamp to medium.  With respect to ecological 
characteristics, this is the most hygrophilous subassociation in this association.
4.1.2.　Subassociation of Protoblastenia citrina  (Table 3, Fig. 4)
　　Syn. Ceratodon purpureus-Bryum inconnexum Sociation, Nakanishi 1977 p.p., Table 5 
(quadrat nos. L13, S24); Ceratodon purpureus Sociation, Kanda 1981 p.p., Table 4 (quadrat 
no. 246).
　　Differential species: Protoblastenia citrina.
　　This subassociation is differentiated by high ﬁdelity of Protoblastenia citrina.  Though 
Protoblastenia citrina has a high indicative value as the differential species, its physiognomy 
is mostly characterized by conspicuously luxuriant growth of such cryptogams as Ceratodon 
purpureus, Rinodina archaeoides, Bryum pallescens, or Lecanora expectans.  The total 
coverage is from 60% to 100%, with an average of 85.5% per quadrat.  The total number of 
species is 4 or 5, with an average of 4.8 per quadrat.
　　This subassociation is distributed on the upper part of slope, the middle part of slope, 
the lower part of slope, ridge, or depressed part at altitudes ranging from 50 m to 130 m, 
with an average of 89.9 m above sea level.  The slope degree varies from 0° to 20°, with an 
average of 9.3° per quadrat.  The slope aspect is limited to the northern slope ranging from 
N55E to N60W.  Its substratum is restricted to sand, and the moisture condition is medium 
or wet with one exception (Quadrat No. 38).  Ecologically, this subassociation is less 
Fig. 6.  A close view of Ceratodontetum purpurei subass. of typicum exposed from sand cover.
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hygrophilous than the preceding one.
4.1.3.　Subassociation of Protoblastenia citrina-Rinodina olivaceobrunnea (Table 3, Fig. 4)
　　Differential species: Protoblastenia citrina and Rinodina olivaceobrunnea.
　　With respect to floristic composition, this subassociation is distinguished from the 
others by the presence of Protoblastenia citrina, the differential species of the preceding 
subassociation and Rinodina olivaceobrunnea, the differential species of the next one.
　　This is physiognomically characterized by conspicuously luxuriant growth of such 
cryptogams as Ceratodon purpureus, Rinodina archaeoides, Bryum pallescens, Rinodina 
olivaceobrunnea, or Lecanora expectans (Fig. 7).  The total coverage varies between 60% 
and 100%, with an average 83.3% per quadrat.  The total number of species is 6 in all of the 
quadrats of this subassociation.
　　This subassociation can be found on the middle part of slope, rising part, or depressed 
part at altitudes ranging from 65 m to 120 m, with an average of 110.0 m above sea level. 
Its moisture condition ranges from medium to wet, showing to some extent hygrophilous. 
The slope degree varies from 0° to 15°, with an average of 7.5° per quadrat, and the slope 
aspect also varies.
　　With respect to physiognomy, floristic composition and habitat, this subassociation 
appears to exhibit a transitional position between the preceding and the next subassociations.
4.1.4.　Subassociation of Rinodina olivaceobrunnea (Table 3, Fig. 4)
　　Syn. Ceratodon purpureus Sociation, Kanda 1986 p.p., Table 2 (locality nos. S1, S14, 
S19, S22, S24); Ceratodon purpureus Sociation, Kanda 1987 p.p., Table 1 (area nos. 2-2, 
2-3, 2-5); Ceratodon purpureus-Rinodina olivaceobrunnea Sociation, Smith 1988 (rec. 
from Wilkes Land).
　　Differential species: Rinodina olivaceobrunnea.
　　The present subassociation is differentiated by high ﬁdelity of Rinodina olivaceobrunnea. 
Fig. 7.  A typical stand of Ceratodontetum purpurei subass. of Protoblastenia citrina-Rinodina 
olivaceobrunnea developing on the middle part of slope.
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Its physiognomy is mostly characterized by conspicuously luxuriant growth of such species 
as Ceratodon purpureus, Rinodina archaeoides, Bryum pallescens, or Lecanora expectans. 
The total coverage is between 80% and 100%, with an average of 90.9% per quadrat.  The 
total number of species is 5 in all of the quadrats of this subassociation.
　　This subassociation is chieﬂy distributed on the upper part of slope, depressed part, or 
rising part at altitudes ranging from 65 m to 135 m, with an average of 102.8 m above sea 
level.  The slope degree ranges from 0° to 12°, with an average of 7.3° per quadrat.  The 
slope aspect is mostly the western slope, with one exception (Quadrat No. 35-1).  The 
substratum is restricted to sand, and its moisture condition is medium with one exception 
(Quadrat No. 43).
4.1.5.　Subassociation of Alectoria minuscula (Table 4, Fig. 5)
　　Differential species: Alectoria minuscula and Usnea sulphurea.
　　This subassociation is differentiated by Alectoria minuscula and Usnea sulphurea, 
which are regarded as the differential species of the present subassociation, but at the same 
time those are regarded as the character species of the association, Alectorietum minusculae. 
This is physiognomically characterized by conspicuously luxuriant growth of such cryptogams 
as Ceratodon purpureus, Rinodina archaeoides, or Lecanora expectans, but the dominant 
species is not always the same.  The total coverage is from 30% to 90%, with an average of 
72.8% per quadrat.  The total number of species is from 5 to 9, with an average of 7.0 per 
quadrat.
　　In general, this subassociation grows mainly on rising part, depressed part, or the 
middle part of slope at altitudes ranging from 120 m to 140 m, with an average of 130.6 m 
above sea level.  With one exception (Quadrat No. 35-3), the slope aspect is between N80E 
and N85W and the slope degree varies from 0° to 30°, with an average of 12.0° per quadrat. 
The substratum is restricted to sand, and its moisture condition shows variation from dry to 
wet.  With respect to ecological characteristics, this subassociation is to some extent 
xerophilous.
4.1.6.　Subassociation of Alectoria minuscula-Buellia frigida (Table 4, Fig. 5)
　　Syn. Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., Table 9 
(quadrat nos. 24, 28, 32, 58, 75. 77).
　　Differential species: Alectoria minuscula, Usnea sulphurea and Buellia frigida.
　　This subassociation is differentiated by the occurrence of Alectoria minuscula and 
Usnea sulphurea, the differential species of the previous subassociation, and Buellia frigida, 
the differential species of the next subassociation.  At the same time, Alectoria minuscula 
and Usnea sulphurea are the character species of the associations, Alectorietum minusculae 
and Buellia frigida is the character species of the associations, Buellietum frigidae.  This 
subassociation is physiognomically characterized by conspicuously luxuriant growth of 
such species as Ceratodon purpureus and Rinodina archaeoides.  Therefore, the total number 
of species is relatively larger than those of the preceding and the following ones.  The total 
number of species varies from 7 to 12, with an average of 8.4 per quadrat.  The total coverage 
is between 60% and 90%, with an average of 76.9% per quadrat.
　　This subassociation can be found on the upper part of slope, the middle part of slope, 
ridge, depressed part, or rising part at altitudes ranging from 50 m to 120 m, with an average 
of 104.4 m above sea level.  The slope degree varies from 0° to 15°, with an average of 7.3° 
per quadrat, and the slope aspect also varies.  This subassociation develops chieﬂy on stony 
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substratum with sand, and its moisture condition ranges from dry to wet (Fig. 8).  Therefore, 
it is more xerophilous than the preceding subassociation.
　　With respect to physiognomy, ﬂoristic composition and habitat, this subassociation is 
closely allied to the preceding subassociation.
4.1.7.　Subassociation of Buellia frigida (Table 4, Fig. 5)
　　Syn. Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., Table 9 
(quadrat nos. 37, 64, 82, 88).
　　Differential species: Buellia frigida.
　　This subassociation is characterized by high ﬁdelity of Buellia frigida.  Buellia frigida 
has a high indicative value as the differential species of the present subassociation, but it is 
also the character species with high degree of presence of the next association, Buellietum 
frigidae.  It is physiognomically characterized by conspicuously luxuriant growth of 
cryptogams, such as Ceratodon purpureus, Rinodina archaeoides, Lecanora expectans, or 
Omphalodiscus antarcticus.  The total coverage varies from 40% to 98%, with an average of 
77.6% per quadrat.  The total number of species is between 6 and 10, with an average of 7.9 
per quadrat.
　　This subassociation is found on the upper part of slope, the middle part of slope, or 
depressed part.  Its slope degree varies from 5° to 22°, with an average of 9.9° per quadrat, 
and its altitudes range from 60 m to 130 m, with an average of 92.2 m above sea level.  The 
distribution of quadrats is, with one exception (Quadrat No. 19-1), limited to the northern 
slope ranging from N80W to N20E.  Ecologically, the habitat is to some extent hygrophilous 
because of stony substratum with sand, and the moisture condition ranges from wet to 
medium.
Fig. 8.  A stand of Ceratodontetum purpurei subass. of Alectoria minuscula-Buellia frigida 
growing on the bank of a small stream.
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4.2.　Buellietum frigidae ass. nov. (Table 5, Fig. 9)
　　Character species: Buellia frigida.
　　This association is characterized by high degree of presence and conspicuously 
luxuriant growth of the character species, Buellia frigida. Particularly, on a smooth ice-
polished boulder surface, Buellia frigida is often the only one species capable of colonizing 
directly.  However, on the boulder, rock and scree surface, where meltwater with rich 
nutrients of bird droppings flows down from bird nest above, there appears Caloplaca 
elegans var. pulvinata, Protoblastenia citrina, Lecanora exsulans, Lecanora expectans, 
Catillaria cremea, Omphalodiscus decussatus, Omphalodiscus antarcticus, Rinodina 
archaeoides, or Lecidea sp., in addition to the dominant presence of Buellia frigida.
　　This association is to some extent an open community with labile ﬂoristic composition, 
and therefore variable.  The total number of species is between 1 and 6, with an average of 
3.1 per quadrat, and the total coverage varies from 30% to 90%, with an average of 62.0% 
per quadrat.
　　This association can be found on the upper part of slope, the middle part of slope, the 
lower part of slope, depressed part, rising part, or ridge, and its altitudes range from 40 m to 
166 m, with an average of 103.8 m above sea level.  Its habitat conditions are not uniform; 
the moisture condition ranges from dry to wet, the slope degree varies from 5° to 95°, with 
an average of 32.6° per quadrat, and the slope aspect also varies.  With respect to ecological 
characteristics, this association is generally known to colonize in such exposed, arid 
environment as on rock face, scree, and in boulder-ﬁeld.  Hence this association is more 
photophilous, xerophilous and ornitocoprophilous than the preceding association, 
Ceratodontetum purpurei and the next association, Alectorietum minusculae.
　　This association is comprised of the following two subassociations.  With respect to 
floristic composition and ecological characteristics, this association is considered to be 
subdivided into some lower units.  However, in this paper, the number of investigated 
quadrats is quite small, and therefore further classiﬁcation is difﬁcult.
4.2.1.　Subassociation of typicum
　　Syn. Buellia frigida Sociation, Smith 1988 (rec. from Wilkes Land); Buellia frigida-
Rhizocarpon ﬂavum Community, Nakanishi 1977 p.p., Table 9 (quadrat nos. 41A, 43, 45, 
47, 48, 49, 72, 92, 65, 66).
　　This subassociation is composed of a nuclear species of its mother association and 
lacks a differential species.  It is physiognomically characterized by conspicuously luxuriant 
growth of Buellia frigida (Fig. 10).  The total coverage varies from 30% to 90%, with an 
average of 66.0% per quadrat.  The total number of species is very small, from 1 to 4 with an 
average of 2.0 per quadrat, thus making it smaller than the case of any other subassociation.
　　This subassociation is distributed on the upper part of slope, the middle part of slope, 
ridge, rising part, or depressed part at altitudes from 60 m to 150 m, with an average of 
116.5 m above sea level.  Its habitat conditions are not uniform; the slope degree varies from 
5° to 85°, with an average of 37.2° per quadrat, the moisture condition ranges from dry to 
wet, and the slope aspect also varies.  Ecologically, this subassociation is found on the 
surface of rock, boulder and scree.
4.2.2.　Subassociation of Caloplaca elegans var. pulvinata
　　Syn. Transitional community of Buellia frigida-Rhizocarpon ﬂavum Community and 
Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., Table 9 (quadrat nos. 5, 
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Fig. 9.  Distribution of Buellietum frigidae.  ●: Subass. of typicum; ■: Subass. of Caloplaca elegans var. pulvinata.
Fig. 10.  A close view of Buellietum frigidae subass. of typicum dominated by Buellia frigida, 
the character species of the association.
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8, 12, 23, 73, 89); Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., Table 
9 (quadrat nos. 69, 70, 78).
　　Differential species: Caloplaca elegans var. pulvinata and Protoblastenia citrina.
　　This subassociation is differentiated by the presence of lichens, Caloplaca elegans var. 
pulvinata and Protoblastenia citrina.  But its physiognomy is mostly characterized by 
conspicuously luxuriant growth of Buellia frigida.  The total coverage varies from 30% to 
80%, with an average of 58.0% per quadrat.  The total number of species is from 3 to 6, with 
an average of 4.1 per quadrat.
　　This subassociation can be found on the lower part of slope, the middle part of slope, 
ridge, depressed part, or rising part.  Its altitudes are more variable than those of the preceding 
subassociation, from 40 m to 166 m, with an average of 91.0 m above sea level.  Its habitat 
conditions are not uniform; the moisture condition ranges from dry to wet, the slope degree 
varies from 15° to 45°, with an average of 27.0° per quadrat, and the slope aspect varies to 
some extent.  In general, this subassociation is found on the surface of rock and scree, where 
meltwater with rich nutrients of bird droppings ﬂows down from bird nest above (Fig. 11).
4.3.　Alectorietum minusculae ass. nov. (Table 6, Fig. 12)
　　Syn. Buellia spp.-Lecanora spp.-Lecidea spp. Association, Gimingham and Smith 
1970 (rec. from the maritime Antarctic).
　　Character species: Alectoria minuscula and Usnea sulphurea.
　　This association is characterized by high fidelity of Alectoria minuscula and Usnea 
sulphurea.  It is physiognomically characterized by conspicuously luxuriant growth of lichens, 
such as Usnea sulphurea, Buellia frigida, or Omphalodiscus antarcticus.  The total coverage 
varies from 40% to 90%, with an average of 66.4% per quadrat.  The total number of species 
is between 3 and 6, with an average of 4.4 per quadrat.
Fig. 11.  Buellietum frigidae subass. of Caloplaca elegans var. pulvinata growing on the rock face.  
Its right is Caloplaca elegans var. pulvinata, the differential species of the subassociation.
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　　The present association is widely distributed on the top of hill, the lower part of slope, 
the middle part of slope, ridge, depressed part, or rising part, and its altitudes ranges from 
40 m to 150 m, with an average of 110.8 m above sea level.  Its habitat conditions are not 
uniform; the moisture condition ranges from dry to wet, the slope degree varies from 0° to 
55°, with an average of 30.3° per quadrat, and the slope aspect is very different.  With 
respect to floristic composition and ecological characteristics, this association has high 
cover of only a few lichens, and appears on the surface of rock, rock slab, boulder, and scree.
　　This association was subdivided into the following two subassociations, according to 
the differential species, Buellia frigida.  With respect to ﬂoristic composition and ecological 
characteristics, this association is considered to be subdivided into some lower units. 
However, in this paper, the number of investigated quadrats is quite small, and therefore 
further classiﬁcation is difﬁcult.
4.3.1.　Subassociation of Buellia frigida
　　Syn. Buellia frigida-Rhizocarpon flavum Community, Nakanishi 1977 p.p., Table 9 
(rec. nos. 44, 46, 51, 53); Transitional community of Buellia frigida-Rhizocarpon ﬂavum 
Community and Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., Table 9 
(rec. nos. 50, 54, 55); Caloplaca elegans var. pulvinata Community, Nakanishi 1977 p.p., 
Table 9 (rec. nos. 22, 25, 26, 30, 33, 34, 35, 56, 57, 68, 74, 76).
　　Differential species: Buellia frigida.
　　This subassociation is differentiated by the presence of Buellia frigida. Buellia frigida 
plays a role of the differential species for a subdivision of this subassociation, but, at the 
same time, it has a high indicative value as the character species of the preceding association, 
Buellietum frigidae.  Physiognomically, this subassociation is characterized by conspicuously 
Fig. 12.  Alectorietum minusculae.  ●: Subass. of Buellia frigida ; ■: Subass. of typicum.
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luxuriant growth of lichens, such as Usnea sulphurea, Buellia frigida, or Omphalodiscus 
antarcticus.  The total coverage varies from 40% to 90%, with an average of 70.4% per 
quadrat and the total number of species is between 3 and 6, with an average of 4.5 per 
quadrat.
　　This subassociation can be found on the top of hill, the lower part of slope, the middle 
part of slope, ridge, depressed part, or rising part, and its altitudes ranges from 40 m to 140 
m, with an average of 107.5 m above sea level.  Its habitat conditions are not uniform; the 
moisture condition ranges from dry to wet, the slope degree varies from 0° to 55°, with an 
average of 30.0° per quadrat, and the slope aspect also varies.
　　With respect to ﬂoristic composition and its ecological characteristics, this subassociation 
seems to contain some lower units.  When further investigation is carried out, those will be 
differentiated.
4.3.2.　Subassociation of typicum
　　Syn. Usnea sulphurea Sociation, Gimingham and Smith 1970 (rec. from the maritime 
Antarctic); Usnea Association, Longton 1973 (rec. from McMurdo Sound).
　　This subassociation is only composed of substantial components of its mother association 
and lacks a differential species.  Its physiognomy is characterized by constant presence of 
Alectoria minuscula and Usnea sulphurea (Fig. 13).  The total number of species is between 
3 and 5, and the total coverage varies between 40% and 70%, with an average of 52.5%. 
Fig. 13.  Alectorietum minusculae subass. of typicum growing on the vertical rock face.  
The physiognomy is characterized by conspicuously luxuriant growth of Usnea 
sulphurea, the character species of the association.
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Only in four quadrats, this subassociation appears.  Thus investigation records are fewer 
than those of any other subassociation.
　　The distribution of quadrats is, with one exception (Quadrat No. 34-3), restricted to 
ridge exposed to intensive wind at altitudes between 100 m and 150 m above sea level.  The 
moisture condition is dry or wet.  The slope aspect is the western slope and the slope degree 
varies from 20° to 48°, with an average of 31.5°.  With respect to its habitat, three quadrats 
are found on rock, and one (Quadrat No. 34-3) is found on stony substratum with sand.
5.　Discussion
　　Among 11 subassociations classiﬁed in this study, the mutual relationships of the moss 
and lichen communities were examined.  For this purpose, the similarity index (Gleason, 
1920; Jaccard, 1901; Kobayashi, 1971) was calculated for the species present in both of the 
two subassociations to be compared.  The formula used in this calculation is 200w/a＋b, in 
which a is the sum of the constancy class (I-V) of all species present in one subassociation, 
b is the sum of the constancy class in the other subassociation, and w is the sum of the lower 
constancy class of species common to the two subassociations.  Using this formula, a matrix 
indicating the affinity of the moss and lichen communities in Cape Hinode is prepared 
(Table 7).  The value is considered to express the correlation of floristic composition 
between the subassociations compared.
　　Generally speaking, the values among subassociations of the same association are 
larger than those of the different associations as seen from Table 7, resulting in similarity 
index values larger than 60.3.  The Ceratodontetum purpurei develops widely throughout 
Cape Hinode.  This association, however, differs from either the Buellietum frigidae or the 
Alectorietum minusculae, as indicated by similarity index ranging between 0 and 56.0.  This 
Table 7.  Matrix of similarity of indices of vegetation units classiﬁed in Cape Hinode.
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is due to the fact that ﬂoristic composition of the Ceratodontetum purpurei is characterized 
by very large constancy class of such cryptogams as Ceratodon purpureus, Rinodina 
archaeoides, Bryum pallescens, and Lecanora expectans.  Also, it is considered to be due to 
the fact that most of the substrata of the Buellietum frigidae and the Alectorietum minusculae 
are restricted to rock, in contrast to the case of the Ceratodontetum purpurei, which is 
restricted to sand.
　　The Ceratodontetum purpurei subass. of Protoblastenia citrina-Rinodina olivaceobrunnea 
shows very close resemblance to the Ceratodontetum purpurei subass. of Rinodina 
olivaceobrunnea, as indicated by the largest value of 90.9, and is also closely related to the 
subass. of Protoblastenia citrina of the same association, as shown by large similarity index 
value of 89.3.  The Ceratodontetum purpurei subass. of Alectoria minuscula-Buellia frigida 
is closely similar to both of the subassociations; Alectoria minuscula and Buellia frigida, of 
the same association, as indicated by large values, 89.1 and 80.9, respectively.  Such large 
values are considered to reflect the fact that these subassociations of Ceratodontetum 
purpurei; Alectoria minuscula and Buellia frigida, are composed of the differential species 
of both of the preceding and the following subassociations, respectively, with high degree 
of presence.
　　The similarity index values of the Ceratodontetum purpurei subass. of Alectoria 
minuscula-Buellia frigida for all of the other subassociations are from 34.5 to 89.1, with an 
average of 61.7, the largest of all.  The similarity indices of the Alectorietum minusculae 
subass. of typicum, in contrast with the above, shows low values, ranging from 0 to 60.9, 
with an average of 29.5, indicating that this subassociation is different from the others. 
Especially, the similarity index between this subassociation and the Ceratodontetum 
purpurei subass. of Rinodina olivaceobrunnea shows the lowest value of 0.  As long as the 
data obtained in this present study are concerned, this is due to the fact that no species is 
common in ﬂoristic composition and the two subassociations are different ecologically; The 
Alectorietum minusculae subass. of typicum prefers xerophilous habitat, while the 
Ceratodontetum purpurei subass. of Rinodina olivaceobrunnea prefers hygrophilous one.
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